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Bone Tumors: Evaluation and Treaiment
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Fibrous Tumors of Bone

Kenneth E. Marks, MD* and Thomas W. Bauer, MD, PhD1}

Benign and malignant fibrous tumors of
bone are some of the most common tumors
and tumor-like lesions encountered by the or-
thopedic surgeon. This article reviews the
clinical, radiographic, and histologic features
of benign and malignant fibrous and fibrohis.
tiocytic lesions that arise within bone and dis-
cusses currently accepted biopsy and treat-
ment techniques. Fibrous tumors arising in
soft tissue may secondarily erode into bone,
but discussion of soft tissue lesions is beyond
the scope of this article. Similarly, a wide vari-
ety of bone lesions will have fibrous areas,
often secondary to hemorrhage and/or repair,
but will not be discussed in detail.

Although nomenclature for this family of
lesions in controversial, Table 1 lists the prin-
cipal fibrous lesions according to their bio-
logic behavior.

FIBROUS DYSPLASIA

Terminology

In 1891 von Recklinghausen™ reported a
group of benign fibro-osseous lesions of bone
using the term osteitis fibrosa. This group of
patients was probably a heterogeneous one
and may have included cases that would now
be classified as fibrous dysplasia. During the
next several decades, osteitis fibrosa was used
to describe most benign fibro-osseous lesions,
including multifocal lesions that occurred i
the absence of hyperparathyroidism.3* In
1937 McCune and Bruch® reported a case of
osteodystrophia fibrosa in which multiple
fibro-osseous lesions occurred associated
with precocious puberty and skin pigmenta-
tion. At about the same time, Albright and
coworkers' reported several similar cases,

and this combination of features was subse.
quently termed Albright’s syndrome. Lich-
tenstein and Jaffe® recognized that the bony
lesions may occur in one or more sites in the
absence of the other clinical features and pro-
posed the term fibrous dysplasia.

Clinical Features :

The clinical spectrum of fbrous dysplasia
varies from asymptomatic, monostotic lesions
to extensive skeletal deformities associated
with polyostotic involvement. In an encyclo-
pedic review of fibrous dysplasia by Harris
and coworkers,*! the spectrum of clinical fea-
tures is thoroughly described. In that series,
70 per cent of patients presented complain-
ing of bone pain and 5 of 20 females pre-
sented with abnormal vaginal bleeding. Most
patients had developed skeletal deformities
by age 10 years, but some were essentially
asymptomatic until late in life. Regression of
bone lesions has rarely been documented. Pa-
tients with fibrous dysplasia appear to have a
slightly increased risk for developing second-
ary sarcomas, usually osteosarcoma.22.31.36

Radiographic Features

In long bones, fibrous dysplasia is either
metaphyseal or diaphyseal and may be cen-
trally or eccentrically located. The lesions are
intramedullary radiolucencies with a hazy
quality usually described as a “groundglass”
appearance (Fig. 1). The involved areas are
well defined and frequently associated with a
zone of reactive sclerosis. There may be end-
osteal scalloping or erosions leading to corti-
cal thinning. Spinal lesions are also well de-
fined, expansile, radiolucent lesions with
multiple internal septations or striations,5®

Fibrous dysplasia frequently weakens the
bone, causing secondary deformities, espe-
cially in weight-bearing bones. A primary ex-
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Table 1. Fibrous and Fibrohistiocytic Lesions

Benign
Fibrous dysplasia
Fibrous cortical defect
Nonossifying fibroma
Benign fibrous histiocytoma
Osteofibrous dysplasia (ossifying fibroma)
Intermediate biclogic behavior
Desmoplastic ibroma
Fibrous inflammatory lesions
Erdheim-Chester disease
Hand-Schiller-Christian disease
Malignant
Fibrosarcoma
Malignant fibrous histiocytoma

ample of this is the pronounced curvature of
the femoral neck and proximal femur, com-
monly referred to as a “shepherd’s crook™
deformity.

Technetium-99 bone scans show intense
activity over the area of fibrous dysplasia.
However, because bone scans are nonspe-
cific, they are of little or no use in the diag-
nosis of fibrous dysplasia or its complications.
The main benefit of the computed tomogra-
phy (CT) scan is the accurate assessment of
the lesion’s extent.

The radiographic appearance of malignant
degeneration of fibrous dysplasia depends, to
some extent, on the histologic type of tumor
involved. Lesions that have poorly defined
areas of osteolysis, cortical destructions, and
soft tissue masses adjacent to the cortical
disruption should suggest malignant transfor-
mation.%®

Histology

Lesions of fibrous dysplasia are character-
ized by poorly oriented trabeculae of woven
bone. The trabeculae tend to form “C”- or
“§”-shaped profiles and characteristically
lack osteoblastic rimming (Fig. 2). Small foci
of cartilage may be present. The fibrous
stroma consists of spindled cells with oval nu-
clei and indistinct cytoplasmic borders. Areas
of hemorrhage may be present and are often
accompanied by osteoclastic giant cells. If the
lesion is complicated by a pathologic fracture,
then reactive new bone, including trabeculae
with prominent osteoblastic rimming, may be
present along with a periosteal reaction and
other features of a fracture callus. Lesions in
the mandible tend to have thicker trabeculae
and may demonstrate spheroidal calcifica-
tions.

Treatment

Most monostotic lesions of fibrous dysplasia
are asymptomatic and need no treatment.
Harris and associates®! recognized four indi-
cations for surgical treatment: (1) severe or
progressive deformity of an extremity, (2)
nonunion of a fracture, (3) a femoral shaft
fracture in an adult, and (4) persistent pain.
Stephenson and colleagues®® studied the re-
sults of treatment of 65 symptomatic lesions
and found that the results in the lower ex-
tremity were dependent on the patient’s age.
In patients 18 years of age or older who were
treated with either open or closed methods,
the results were satisfactory in 88 per cent of
cases. In contrast, patients who were under
18 years old usually had an unsatisfactory

Figure 1. Fibrous dysplasia.
An adolescent girl presented with
right hip pain. An anteroposte-
rior radiograph of the pelvis
shows alesion in the right femoral
neck. The lesion has a “ground-
glass” appearance and is margin-
ated by mature reactive bone,
which is especially pronounced
distally. There is a nondisplaced
femoral neck pathologic fracture.
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Figure 2. Photomicrograph of
fibrous dysplasia. A, The stromais
fibrous and the trabeculae tend to
form unusual shapes, often simi-
lar to the letters “C” or “8§.” B,
Higher magnification photomi-
crograph of fibrous dysplasia,
The trabeculae of woven bone
tend to lack osteoblastic rimming,.

outcome. In that group, 88 per cent of the
lesions that were treated closed and 81 per
cent of those treated with intralesional exci-
sion and autogenous cancellous bone grafting
had unsatisfactory results. Eighty-six per cent
of the patients treated by internal fixation had
satisfactory results. Stephenson and asso-
ciates concluded that internal fixation does
not alter the basic disease process, but pro-
vides mechanical support of the structurally
compromised bone. Freeman and co-
workers?7 also observed good results in the six
femora treated with multiple osteotomies to
correct severe deformities along with internal
fixation with a Zickle nail.

Other methods have also been proposed to
provide mechanical support for dysplastic
bone. Enneking and Gearen® treated 15 pa-

Material may be protected by pyrig

tients who had fibrous dysplasia of the femo-
ral neck with autogenous cortical bone graft,
usually from the fibula. They ultimately
achieved good results in all patients, regard-
less of age. Allografts may be superior to au-
togenous cortical grafts because they are ab-
sorbed more slowly than autogenous
cancellous bone grafts.

In summary, when treating symptomatic fi-
brous dysplasia in adults or children, internal
fixation, either with intramedullary devices
or cortical grafts, is superior to intralesional
excision and bone grafting with autogenous
cancellous bone grafts. In expendable bones a
symptomatic lesion can be successfully
treated with en bloc excision. Radiotherapy
plays no role in the treatment of fibrous dys-
plasia.
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FIBROUS CORTICAL DEFECT AND
NONOSSIFYING FIBROMA

Terminology

In 1941, Sontag and Pyle®® described the
radiographic features of lytic (“cystic-like”)
lesions in the metaphysis of children. They
reported the gradual disappearance of the le-
sions and speculated that the lesions might be
composed of cartilage. In 1942, Jaffe and
Lichtenstein®® reviewed a series of tumors
that had been classified as variants of giant
cell tumor of bone, many of which had the
radiographic features described by Sontag
and Pyle.5® Within this diverse group of le-
sions they recognized a benign fibrous lesion
that had often been considered to be a healing
xanthomatous or xanthogranulomatous var-
iant of giant cell tumor and applied the term
nonossifying fibroma. Several years later
Hatcher®® suggested that lesions of the type
described by Jaffe and Lichtenstein might
represent  developmental abnormalities
rather than neoplasms and proposed the term
metaphyseal fibrous defect. Radiographic
studies'® showed that small cortical defects
may be present in up to 30 to 40 per cent of
children under the age of 2 years, most often
in the metaphysis of the femur, and that a
small proportion of these lesions enlarged and
extended into the medullary cavity.

Although terminology remains controver-
sial, it appears that a non-neoplastic fibrous
proliferation occurs commonly in the meta-
physis of long bones in children. This eccen-
tric lesion is probably a developmental defect
and is appropriately classified as a benign fi-
brous cortical defect. Many of these lesions
spontaneously involute; others persist as
small lytic lesions that may gradually “move”
toward the diaphysis as the bone grows in
length. Other lesions enlarge,’ may involve
the medullary cavity, and may be compli-
cated by pathologic fracture. It is reasonable
to use the term nonossifying fibroma for the
latter lesion, recognizing that it may not rep-
resent a true neoplasm.

Clinical Features

Most fibrous cortical defects are com-
pletely asymptomatic and are incidentally de-
tected during evaluation for another com-
plaint. Larger lesions may be associated with
a pathologic fracture.

Radiographic Features

Radiographically, nonossifying fbroma
and fibrous cortical defects are very similar in
appearance. Nonossifying fibromas are larger
and more often symptomatic. Both lesions are

found in similar or identical anatomic loca-
tions.?® Fibrous cortical defects, however, oc-
casionally can be found in multiple locations
whereas nonossifying fibromas are less com-
monly multifocal. These lesions typically af-
fect long tubular bones of the lower extrem-
ity. It is uncommon for the upper extremity to
be affected, but when it is the humerus is the
most typical site of involvement. Fibrous cor-
tical defects are well-delineated, circular or
oval lesions with smooth or lobulated edges
(Fig. 3). The adjacent bone is typically sclero-
tic and the periosteal surface is nonreactive.
Usually they arise in the metaphysis near the
physis. As the person grows, the lesion ap-
pears to migrate toward the diaphysis, and at
the same time, parts of the lytic lesion may
develop sclerosis. The larger nonossifying fi-
bromas are more elongated and multilocu-
lated. They frequently exhibit slight bony ex-
pansion and cortical thinning (Fig. 4).
Greyson and Pang®® note that their appear-
ance on bone scan changes during matura-
tion. They will show mild to moderate uptake
during the phase of involution or healing.

Figure 3. Fibrous cortical defect. An 8-year-old boy
was asymptomatic until he sprained his knee while play-
ing. An anteroposterior radiograph shows a large eccen-
tric defect well marginated in the distal femur.
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Figure 4. Nonossifying fibroma. A 17-year-old boy
presented following a second pathologic fracture of his
distal tibia. The anteroposterior radiograph shows a well-
marginated expansile lesion of the distal tibia metaphysis.

When the lesion has healed or is inactive it is
not apparent on a bone scan.

Histology

The fibrous cortical defect or nonossifying
fibroma is characterized by a proliferation of
benign spindled fibroblasts (Fig. 5). A sugges-

%
Figure 5. Photomicrograph of
fibrous cortical defect. The lesion
consists of fusiform cells sepa-
rated by a collagen matrix. There
is no nuclear atypia, and mitoses
are very rare.

tion of a storiform pattern may be present, but
there is no nuclear pleomorphism and mitoses
are very rare. If the lesion has undergone a
fracture, then variable amounts of hemor-
rhage, hemosiderin deposition, reactive new
bone formation, and osteoclastic-type giant
cells may be present. Occasional cells with
lipid vacuoles are also common. The original
description of this lesion by Jaffe and Lich-
tenstein emphasized the presence of foam
cells having the light microscopic appearance
of histiocytes.?-4® Since then, some electron
microscopic studies have suggested that the
lipid accumulates secondarily within cells of
fibroblastic origin,®® while others have pro-
vided evidence of histiocytic3® or even lipo-
blastic*® origin (see later discussion).

Treatment

Because these fibrous lesions are self-limit-
ing, surgery is usually not indicated. Large
nonossifying fibromas occasionally cause re-
peated pathologic fractures. Under these cir-
cumstances intralesional excision with or
without bone graft is indicated.2* Chemother-
apy or radiation therapy plays no role in the
treatment of fibrous cortical defects of nonos-
sifying fibromas.

JAFFE-CAMPANACCI SYNDROME

In 1983 Campanacci and coworkers!!
brought attention to a syndrome of multiple
nonossifying fibromas in combination with
other lesions including café-au-lait spots,
mental retardation, hypogonadism, and ocu-
lar or cardiovascular abnormalities usually
without neurofibromas. Several similar pa-
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tients had been described briefly by Jaffe.38
The clinical spectrum of this syndrome as well
as its pathogenesis is unclear. Mandibular le-
sions are common® as are pathologic frac-
tures through the nonossifying fibromas. Al-
though most of the skeletal abnormalities
involute, locally aggressive growth has been
reported.®

OSSIFYING FIBROMA
(OSTEOFIBROUS DYSPLASIA)

Terminology

Although not recognized as distinctive,
probably the first report of this lesion was by
Frangenheim in 1921,%8 who considered it
congenital osteitis fibrosa. Montgomery®® de-
scribed a lesion in the mandible as ““ossifying
fibroma,” and in 1966, Kempson*® reported
two examples of “ossifying fibroma of long
bones” occurring in the tibia in infants. Addi-
tional small series of cases were reported6?
that attempted to define ossifying fibromaasa
unique lesion separate from fibrous dysplasia
and congenital pseudarthrosis of the tibia.
More recently, Campanacci and Laus-!2 re-
ported 35 patients with a similar or identical
lesion always involving the tibia, fibula, or
both. These authors proposed the term osteo-
fibrous dysplasia instead of ossifying fibroma.
Other authors also have adopted the term os-
teofibrous dysplasia.!338

Clinical Features

Ossifying fibromas probably occur most
frequently in the mandible. In this location,
they tend to occur in adults, are relatively
well circamscribed, and rarely recur after cu-
rettage. Osteofibrous dysplasia of long bones,
however, usually involves the tibia and/or fib-
ula of infants or children. Most patients
present with swelling, with or without pain.
The lesions are usually monostotic, but both
bones of the same limb can be affected. A
similar or identical lesion may be associated
with congenital pseudarthrosis of the tibia in
some children with von Recklinghausen’s
neurofibromatosis.

Radiographic Features

The lesion is usually lytic and eccentrically
located in the diaphysis or metaphysis. The
cortex may be expanded and the bone, espe-
cially in the tibia, may be bowed in an
anterior - posterior direction. The lytic areas
may have a confluent, groundglass, or vacuo-
lated appearance!® and are rimmed by reac-
tive bone that is more extensive than usually

seen in fibrous dysplasia. The differential
diagnosis based on the radiograph may in-
clude fibrous dysplasia, nonossifying fibroma,
or adamantinoma. The intracortical location,
however, is a helpful clue in distinguishing
the lesion from fibrous dysplasia.

The isotope scan typically shows intense in-
crease in uptake. Enneking®4 observed that
angiograms showed little or no soft tissue
reactive vascularity, but in growing active le-
sions there may be heavy vascular prolifera-
tion within the lesion.

Histologic Features

This lesion is characterized by a fibrous
stroma in which trabeculae of woven bone
frequently demonstrate osteoblastic rimming
(Fig. 6). The orientation of the trabeculae
may appear more logical than in fibrous dys-
plasia, but very often the histologic distinc-
tion between these two lesions is problem-
atic; radiographic correlation is wusually
helpful. Adamantinoma of long bone is a
tumor that may show radiographic festures
identical to osteofibrous dysplasia. An ada-
mantinoma also may have large areas of fi-
brous spindled stroma with trabeculae of
woven bone, and extensive sampling may be
required to identify the epithelial component
that allows recognition of an adamantinoma.

Treatment

In one of the early descriptions of the le-
sion, Kempson*? recommended an extraper-
iosteal resection of bone and periosteum. One
of the two patients in his study experienced
local recurrence. Campbell and Hawk?!3 re-
ported that all four of their patients who had
undergone intralesional excision experienced
recurrence and Nakashima and colleagues®®
reported recurrence in all 10 cases treated by
curettage. Campanacci and Laus!!1% re-
ported a wide range of biologic behavior but
noted that most lesions cease growth when
the patient reaches 15 years of age. Based on
these observations, Enneking® has recom-
mended conservaiive treatment with appro-
priate bracing to prevent deformity in a
growing child. He advises delaying surgery
for as long as practical because after the ces-
sation of growth the lesion is less likely to
recur after surgical excision. If surgery be-
comes necessary in a growing child, wide ex-
cision of bone is required to prevent recur-
rence. In an adult aggressive recurrence does
not necessarily follow a marginal or even in-
tralesional excision. Radiation therapy and
chemotherapy are not indicated in the man-
agement of ossifying fibroma.
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Figure 6. Photomicrograph of
osteofibrous dysplasia (ossifying
fibroma) of the tibia. The surfaces
of the trabeculae tend to be lined
with osteoblasts.

BENIGN FIBROUS ‘HISTIOCYTOMA

The vast majority of benign fibrous lesions
occur in the metaphysis of long bones as de-
scribed above. Other lesions of similar histo-
logic appearance have been identified in
older patients, frequently in the pelvis.!517
This latter group of lesions tends to demon-
strate more prominent foam cells, somewhat
more variable cytoplasmic borders, and may
have a more well-defined sclerotic rim. Al
though considered part of the spectrum of
nonossifying fibromas by some authors,
others classify these lesions as xanthofi-
bromas, fibroxanthomas, or benign fibrous
histiocytomas. This terminology is consistent
with the currently accepted classification for
soft tissue tumors. While it may not be possi-
ble to separate all nonossifying fibromas from
benign fibrous histiocytomas based on histo-
logic appearance or even fundamental cell of
origin, it is probably reasonable to consider
them as separate lesions based on their differ-
ent radiographic and clinical presentation.

Clinical Features

While nonossifying fibromas tend to arise
eccentrically in the metaphysis of a long
bone, benign fibrous histiocytomas are more
widespread, arising in the diaphysis or epiph-
ysis of long bones or in the pelvis.!5:17.67 Pa.
tients may present at any age but are likely to
present complaining of pain. Pain in the ab-
sence of a fracture is much more typical of a
benign fibrous histiocytoma than a nonossify-
ing fibroma.?’

Radiographic Features

The radiographic presentation of benign fi-
brous histiocytoma of bone helps differen-

tiate this lesion from a nonossifying fibroma.
While nonossifying fibromas are almost
always found in the metaphysis, benign f-
brous histiocytomas are seen in the diaphysis
as well as the metaphysis.!5 The initial lesion
is centrally located whereas the fibrous corti-
cal defect or nonossifying fibroma is usually
eccentric, arising from within the cortex. A
the lesion becomes larger, it may erode the
endosteal surface of the cortex. The lesion it-
self is purely lytic with sharply defined mar-
gins and no demonstrable matrix.15

Histology

Benign fibrous histiocytomas are character-
ized by plump, foamy, histiocytic-type cells
in a background of benign spindled fibro-
blasts (Fig. 7). Like nonossifying fibromas, a
variable amount of hemorrhage and hemosid-
erin deposition may be present, accompanied
by scattered osteoclastic giant cells. The pe-
riphery of the lesion may contain spicules of
new bone, but bone formation is generally
minimal. When present, osteoclasts tend to
aggregate around areas of vasculature of hem-
orrhage rather than showing the even distri-
bution characteristic of a giant cell tumor.
Nuclear pleomorphism should be minimal,
but rare mitoses may be present. Distinction
from a giant cell reparative granuloma, brown
tumor of hyperparathyroidism, and nonossi-
fying fibroma may require clinical and radio-
graphic correlation.

Treatment

The results of intralesional excision and
bone grafting of benign fibrous histiocytomas
have been relatively disappointing. Clark and
colleagues!® have reported that three of
seven patients treated with intralesional exci-

Material may be protected by c pyrig



384 Kenneth E. Marks and Thomas W. Bauer

sion experienced local recurrence. The recur-
rence was more extensive than the original
lesion and resulted in amputation in two of
three patients. The one lesion that had an en
bloc excision did not recur. Clark suggested
wide local excision as the treatment of choice.
Although no studies have confirmed the effi-
cacy of marginal and wide excision, their use
seems justified in light of a 45 per cent recur-
rence rate with intralesional excision. Tumors
that cannot be excised en bloc without caus-
ing unacceptable functional deficits should be
widely curetted and treated with adjuvant
therapy such as phenol or cryotherapy. Sucha
treatment scheme, while logical, has not been
proven experimentally. Radiation therapy
and chemotherapy have no place in the treat-
ment of benign fibrous histiocytoma of bone.

FIBROUS INFLAMMATORY LESIONS

A variety of inflammatory lesions of bone
may show fibrous or fibrohistiocytic histo-
logic patterns. These include chronic osteo-
myelitis, eosinophilic granuloma and related
histiocytoses, storage diseases such as
Gaucher’s disease, and Erdheim-Chester dis-
ease. Although these lesions show histologic
features similar to benign fibrous and fibro-
histiocytic tumors they are frequently multi-
focal and show radiographic and clinical fea-
tures that usually allow distinction from
fibrous tumors of bone. A thorough discussion
of these inflammatory lesions is beyond the
scope of this article; the reader is referred to
recent reviews by Groopman, Cline, and
Mille and their coworkers.16.30.52

Figure 7. Photomicrograph of
a benign fibrous histiocytoma of
the iliac wing. The lesion contains
spindied fibroblastic cells that
may develop a “storiform”
growth pattern. There is no nu-
clear atypia, however, and mi-
toses are rare. Foamy histiocytes
may be a prominent feature, and
this lesion may also be termed a
fibroxanthoma or xanthofibroma
of bone.

DESMOPLASTIC FIBROMA

Terminology

First described by Jaffe in 19583 the des-
moplastic fibroma is a rare tumor that has
been considered the/bony counterpart of the
desmoid tumor (aggressive fibromatosis) of
soft tissue. Fewer than 100 cases have been
reported and although the terminology for
this lesion is well recognized, specific criteria
for diagnosis are not. As with the soft tissue
counterpart, the distinction between an ag-
gressive fibromatosis and a low grade fibro-
sarcoma may be difficult. Although com-
monly considered to be of fibroblastic origin,
Lagace and coworkers** have provided elec-
tron microscopic evidence supporting an ori-
gin from myofibroblasts.

Clinical Features

This rare tumor may develop at any age but
is most common in the first three decades of
life 28 Patients usually present complaining of
a mass with or without pain. The symptoms
reflect a slow-growing lesion and may have
been present for several years. Lesions usu-
ally arise in the metaphysis of long bones of
the appendicular skeleton.

Radiographic Features

Desmoplastic fibromas are well-defined
osteolytic lesions with a sclerotic margin
without any evidence of calcified or ossified
matrix production. They enlarge the bone di-
ameter by the process of endosteal erosion
and limited periosteal bone formation (Fig.
8). Within the lesion there is a delicate trabe-
culated soap bubble or honeycombed pat-
tern. Desmoplastic fibromas most typically
arise in the mandible, femur, humerus, tibia,
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Figure 8. Desmoplastic fibroma. An adult male pre-
sented with a 1-year history of vague lower back pain. An
anteroposterior radiograph and tomogram of the pelvis
demonstrated a well-marginated radiolucent lesion of
the right sacrum. There is enlargement of the right sac-
rum and no periosteal reaction.

radius, or innominate bone.?® They are cen-
trally located in the metaphysis and rarely
cross an open physeal plate to the epiphysis.
In the most common form they may resemble
a nonossifying fibroma, chondromyxoid fi-
broma, giant cell tumor, aneurysmal bone
cyst, unicameral bone cyst, or fibrous dyspla-
sia. Desmoplastic fibromas occasionally be-
come large and appear more aggressive, with
permeative bone destruction, irregular and
coarse trabeculation, cortical erosion, a soft
tissue mass, and pathologic fractures. When
these occur a fibrosarcoma or skeletal metas-
tases must be added to the differential diag-
nosis.

Radionucleotide bone scans show in-
creased activity confined to the area of the
lesions. The margins of the lesion demon-
strate more activity than the center. This find-
ing is best seen on large lesions. CT and mag-
netic resonance (MR) scans are useful
because they delineate the soft tissue extent
of the lesion. MR images are excellent in de-
fining the intramedullary spread of the
tumor. Currently, angiography is infre-
quently performed for this lesion. When it is,
there is little neovascular response around
the lesion and scant vascularity within the
tumor.*4
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Histology

The histologic features of this tumor are
similar to extraskeletal fibromatoses. Sheets
of spindled fibroblasts are separated by extra-
cellular collagen fibers. Scattered osteoclas-
tic giant cells are often present especially as-
sociated with areas of hemorrhage and new
bone formation. There is minimal nuclear
pleomorphism and mitoses are rare, but the
distinction between desmoplastic fibroma
and a low grade fibrosarcoma is indistinct. Fi-
brosarcomas tend to have more plump nuclei
and greater cellularity with a corresponding
decrease in extracellular collagen.

Treatment

The recognition of desmoplastic fibroma is
important because it is more aggressive than
other benign fibrous tumors. Gephardt and
associates?® reviewed the literature and found
26 patients who were treated with either cu-
rettage or bone grafts or both. Of that group,
42 per cent (11 patients) had recurrence. Of
the patients in the literature who were ini-
tially treated with resection (intralesional,
marginal, or wide), 4 (25 per cent) of 16 had
local recurrence. In Gephardt’s own series an
intralesional procedure was performed as the
initial treatment in six patients and four (67
per cent) had a recurrence. Two patients un-
derwent marginal resection; neither re-
curred. Bertoni and colleagues® reported four
cases treated with wide segmental resection.
None had a local recurrence of the tumor.

Enneking?* recommends wide surgical
margins for the treatment of desmoplastic fi-
bromas. Bertoni and colleagues® also con-
clude that the lesion should be excised enbloc
with a continuous thin layer of healthy tissue
around the tumor (wide margin). Gephardt
and coworkers?® concur that a wide or mar-
ginal resection is the procedure of choice if it
can be done without causing major functional
deficit. If the tumor is located about the knee,
the proximal humerus, or the pelvis, and can-
not be resected without major functional def-
icit, they recommend intralesional curettage
and bone grafting. The rationale for this is
that such a strategy is likely to be successful
more than half of the time. Gephardt and col-
leagues speculate that adjuvants such as
phenol may decrease the rate of local recur-
rence. Others have successfully used cryo-
therapy as an adjuvant for other aggressive
benign tumors and, by analogy, it may be
helpful in the treatment of desmoplastic fi-
broma. Recurrent tumors may be satisfacto-
rily treated with a marginal or wide resection.

Enneking®* speculates that radiation ther-
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apy may be useful in suppressing local recur-
rence, but there is little reported experience
with this type of treatment. He concludes that
it should be considered a clinical trial and be
reserved for those cases that otherwise could
be controlled only by amputation. Chemo-
therapy plays no role in the treatment of des-
moplastic fibroma.

PERIOSTEAL DESMOID

Terminology

In 1951, Kimmelstiel and Rapp*® described
a benign fibrous lesion originating beneath
the periosteum and associated with erosion of
the underlying bone. They referred to this
lesion as a “‘periosteal desmoid.” Although
Dahlin!” has suggested that the periosteal
desmoid is a hypocellular variant of 2 nonossi-
fying fibroma, most other authors suggest that
it more closely resembles a fibromatosis
arising in a periosteal location.®” Since the
desmoplastic fibroma of bone resembles an
intraosseous fibromatosis, Schajowicz®? clas-
sifies the periosteal desmoid as a periosteal
variant of desmoplastic fibroma.

Clinical Features

The periosteal desmoid is a rare lesion that
apparently shows a strong male predilection.
It is most common between ages 10 and 20
years and tends to occur at the insertion of the
most distal portion of the adductor tendon on
the posterior medial cortex of the femur adja-
cent to the medial femoral condyle.

Radiographic Features

Periosteal desmoids have a characteristic
radiographic appearance and location (see
preceding text). They produce a saucer-like
defect in the cortex with a well-demarcated
reactive margin.?* The oval-shaped lesion is
associated with a periosteal response, which
can be exuberant and irregular in outline.
There may be a soft-tissue swelling overlying
the bony defect (Fig. 9).

Plain radiographs are usually enough to
make the diagnosis, but CT can be useful in
equivocal or atypical cases.’” The CT scan
shows the tumor without matrix calcification
and the absence of a cortical shell or reactive
bone. Enneking® reports that isotope scans
will show a focal increase in activity, which
corresponds almost exactly to the size of the
lesion.

Histologic Features and Treatment

Most authors regard periosteal desmoids as
cellular fibrous lesions with extensive colla-
gen, identical in appearance to desmoplastic

Figure 9. Periosteal desmoid. A 17-year-old boy was
asymptomatic until he sprained his knee while playing
football. A lateral radiograph shows a radiolucency on
the posterior face of the distal metaphysis of the femur.

fibroma or a soft tissue fibromatosis. Lesions
of this type are satisfactorily treated by block
excision, although curettage has also been
successful.8” Other authors apply a broader
definition for periosteal desmoid, considering
it essentially a hypocellular variant of fibrous
cortical defect.!” A lesion of this histologic
appearance is benign, self-limited, and of
good prognosis, requiring no surgical treat-
ment. Mirra®® has emphasized the distinction
between periosteal desmoid and the so-called
“cortical irregularity syndrome.” While the
former has a tendency to recur locally, the
latter is self-limited, requiring no treatment.
There is no indication for radiation or chemo-
therapy in the treatment of periosteal des-
moids.

FIBROSARCOMA OF BONE

Terminology

Fibrosarcomas of bone are rare tumors that
may arise within the medulla (central) or per-
iosteal surface (peripheral). The distinction
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between a low grade fibrosarcoma and other
locally aggressive, but benign lesions (desmo-
plastic fibroma and periosteal desmoid) is in-
distinct. Similarly, the criteria for separating a
high grade fibrosarcoma from a malignant fi-
brous histiocytoma of bone are also somewhat
ill-defined (see later).

Clinical Features

Primary fibrosarcomas of bone may present
at any age from birth to the elderly but may
show a slight predominance in young adults.
They are most common in the long bones of
the lower extremity or the humerus and are
rare in the axial skeleton.337-45 Patients usu-
ally present complaining of pain and a mass,
often complicated by a pathologic fracture.
Fibrosarcomas have also been reported com-
plicating pre-existing benign bony lesions, in-
cluding Paget’s disease, fibrous dysplasia, or a
bone infarct. Congenital lesions, or those oc-
curring in young children, tend to have abet-
ter prognosis than tumor in patients over 10
years of age.'8

Radiographic Features

The radiographic abnormalities of fibrosar-
comas of bone are not specific. A similar ra-
diographic presentation may be seen with
malignant fibrous histiocytoma, telangiecta-
tic osteosarcoma, lymphoma, plasma cell
myeloma, desmoplastic fibroma, and skeletal
metastases. The tumor usually involves the

Figure 10. Fibrosarcoma of
bone (stage ITA). A 37-year-old
male presented with a 2-month
history of increasingly severe
knee pain. (A), Anteroposterior
radiograph shows a permeative
destructive lesion involving the
distal metaphysis of the femur.
(B}, Tomogram reveals an exten-
sion of the tumor into the epiphy-
sis.
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metaphyseal or metadiaphyseal portion of
long bones. Its position may be central or ec-
centric. Specific sites of involvement in order
of decreasing frequency are the femur, tibia,
humerus, fibula, radius, and ulna.®%% Fibro-
sarcomas are osteolytic with geographic
motheaten or permeative patterns of bone de-
struction and, in general, a wide zone of tran-
sition (Fig. 10). There is little or no periosteal
reaction or sclerosis of the surrounding bone.
Cortical destruction and soft tissue masses are
frequently seen, but visible tumor matrix is
not present.

Technetium-99 bone scans show intense
increased uptake over the primary lesion and
adjacent bone, They are especially useful in
detecting distant osseous metastases. MR
scans clearly show the extent of intraosseous
tumor spread and soft tissue extension.

Histology

Fibrosarcomas are characterized by inter-
woven bundles of spindled cells with narrow,
tapering nuclei and ill-defined cytoplasmic
borders. In low grade lesions there is consid-
erable extracellular collagen, while higher
grade tumors show more dense cellularity
and a reduction of extracellular matrix.
Tumor necrosis may be present and is a fea-
ture helpful in defining the grade of the
tumor. Nuclear pleomorphism is usually not
prominent in a fibrosarcoma (Fig. 11). The
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distinction between alow grade fibrosarcoma
and desmoplastic fibroma is problematic, and
to a certain extent simply reflects a matter of
grade. The presence of numerous mitoses,
atypical mitoses, and an aggressive radio-
graphic appearance should suggest a low
grade malignancy. Similarly, the distinction
between a high grade fibrosarcoma and a ma-
lignant fibrous histiocytoma of bone may be
indistinct. Occasional pleomorphic nuclei
may be seen in a high grade fibrosarcoma but
are more characteristic of malignant fibrous
histiocytoma. Taconis and Van Rijssel’® have
suggested that the histologic distinction be-
tween fibrosarcoma and malignant fibrous
histiocytoma provides no significant prognos-
tic information, whereas histologic grading of
either is of predictive value.

Treatment

Adequate treatment requires at least wide
surgical margins achieved either by en bloc
resection or amputation. Enneking®* differ-
entiates between low grade stage I lesions and
the more aggressive stage I tumors. He states
that stage I lesions respond well to wide exci-
sion, whereas stage II lesions need a radical
margin for local control. The need for radical
margins frequently necessitates amputation.

The results of treatment have been dis-
couraging. Taconis and Van Rijssel”® reported
a 5-year survival rate of 34 per cent. Sim and
associates® found only 28.7 per cent of the
patients survived 3 years. The local recur-
rence rate is similar to other malignant tumors
of bone. Chemotherapy and radiation ther-

Figure 11. Photomicrograph
of a fibrosarcoma of bone. This
cellular tumor consists of spin-
dled, fibroblastic cells with rela-
tively frequent mitoses. Nuclear
pleomorphism is variable, but
usually not a prominent feature.
The tumor illustrated in this case
would be considered grade II {of
) by conventional histologic
grading. Grading by the Ennek-
ing system would be difficult, but
the tumer should probably be
considered high grade (11 of I1).

apy thus far have not proven themselves valu-
able adjuncts in the treatment of fibrosar-
coma of bone.

MALIGNANT FIBROUS HISTIOCYTOMA

Terminology

The term malignant fibrous histiocytoma
was first applied in the early 1960s to soft
tissue tumors in which the spindled cells in-
terweave in a storiform pattern. Although
largely fibroblastic, many of these tumors
showed plump histiocytic-type cells and dem-
onstrated features in vitro typical of histio-
cytes. Although recent immunohistochemical
studies suggest that the tumor cells may be
more closely related to fibroblasts than true
histiocytes, the term malignant fibrous histio-
cytoma became rapidly accepted as a label for
a pleomorphic, high grade sarcoma with little
matrix production. In the early 1970s pri-
mary bone malignant fibrous histiocytomas
were recognized, and numerous studies now
document its clinical and pathologic fea-
tures, 14:19.35,50,66

Clinical Features

Malignant fibrous histiocytomas may arise
at any age but are most common in middle-
aged adults. They are slightly more common
in men than women and are most frequent in
the long bones of the lower extremity. They
are also common in the pelvis but rare in the
vertebral column or ribs. Most patients
present complaining of pain.
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Figure 12, Malignant fibrous histiocy-
toma of bone (stage IB). A 64-year-old man
presented with pain about his knee of 3
months duration. A, A lateral radiograph
demonstrating a destructive permeative le-
sion involving the metaphyseal region of
the distal femur. There is cortical destruc-
tion anteriorly and a soft-tissue mass. B, A
sagittal magnetic resonance scan shows the
intramedullary extent of the tumor and a
soft-tissue extension within the knee joint.
C, A lateral radiograph 1 year later shows
the results of a wide resection and recon-
struction with a customized total knee re-
placement.

Material may be protected by pyrig

389



390 Kenneth E. Marks and Thomas W. Bauer

Figure 13, Malignant fibrous histiocytoma of bone. A
27-year-old man with a stage IIA lesion of the distal
femur and a pre-existing bone infarction.

Radiographic Features

The radiographic features of malignant fi-
brous histiocytoma indicate an aggressive
skeletal process but are not diagnostic of this
tumor. The tumors are osteolytic with a

. motheaten or permeative pattern of bone de-

struction (Fig. 12).7:14355% They frequently
cause cortical erosion and soft tissue masses
but periosteal new bone formation and endos-
teal scalloping are uncommon.

Coexisting radiographic features of benign
conditions, such as bone infarcts, fibrous dys-
plasia, and Paget’s disease, may be present
(Fig. 13). The differential diagnosis for these
radiographic abnormalities includes osseous
metastases, plasmacytoma, lymphoma, osteo-
lytic osteosarcoma, fibrosarcoma, and dedif-
ferentiated chondrosarcoma.

Technetinm-99 bone scans show intense
uptake in the bone far beyond the margins
that are apparent on plain radiographs. Angi-
ography demonstrates extensive neovascu-
larity in the soft tissue around the lesion. MR
images can best delineate the soft tissue mass
and the intramedullary spread of the lesion.

The MR image should be carefully inspected
for signs of metastatic spread.

Histology

The presence of anaplastic tumor giant cells
in a spindled stroma is characteristic of malig-
nant fibrous histiocytoma (Fig. 14). The cells
show striking nuclear pleomorphism and
abundant cytoplasm. The mononuclear cells
are usually fibroblastic and may show a cart-
wheel or storiform growth pattern, but this is
nonspecific. Tumor necrosis is frequently
present and mitoses are variable and some-
times common. There may be peripheral
reactive new bone formation but the tumor
itself fails to produce any matrix beyond col-
lagen. The tumor may be quite vascular and a
pattern resembling a malignant hemangio-
pericytoma may be focally present. As men-
tioned earlier, the distinction between a ma-
lignant fibrous histiocytoma and a high grade
fibrosarcoma lies principally in the presence
of anaplastic tumor giant cells. In some
tumors the extracellular collagen may de-
velop a lace-like pattern and closely resemble
osteoid. McCarthy and colleagues®® have
stressed the importance of mineralization of
this matrix in distinguishing osteosarcoma
from malignant fibrous histiocytoma.

Treatment

En bloc surgical resection or amputation is
the mainstay of treatment of malignant fi-
brous histiocytoma of bone. The results of
surgery alone, however, have been disap-
pointing. Capanna and coworkers!# reported
a 5-year survival rate of only 28 per cent for
surgery alone. In contrast, 57 per cent of pa-
tients who underwent surgery and adjuvant
chemotherapy survived 5 years. Following
inadequate surgery, however, adjuvant
chemotherapy was ineffective in reducing
local recurrence or improving survival. The
overall recurrence rate was 31 per cent. As
expected, the incidence of local recurrence
was higher after inadequate surgery (64 per
cent). Wide surgical margins reduced the re-
currence rate to 17 per cent for resection and
21 per cent for amputations. The lowest local
recurrence rate was 6.5 per cent after radical
surgical procedures.

Other authors have confirmed the positive
role of chemotherapy in the treatment of ma-
lignant fibrous histiocytoma.?2%7* Urban and
colleagues™ reported on five patients with
malignant fibrous histiocytoma of bone
treated with preoperative chemotherapy, in-
cluding high dose methotrexate with citro-
vorum rescue. One patient had a clinically
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£

Figure 14. Photomicrographs of a malignant fibrous histiocytoma (MFH) of bone. A, At low magnification, a
“storiform” pattern of interweaving bundles of tumor cells can be seen. B, At higher magnification, the prominent
nuclear pleomorphism typical of an MFH is apparent. Mitoses are numerous, and there may be considerable tumor
necrosis (not seen in this field). This tumor should be considered high grade by any classification.

e
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complete response and did not go on to sur-
gery. Three of the four patients who under-
went surgery had complete responses, and
one patient had a greater than 90 per cent
tumor necrosis as determined by histologic
examination of the resected tumor.

Enneking?* speculated that adjuvant radia-
tion therapy might be effective in suppressing
residual disease. Capanna and associates™*
observed that of eight patients treated with
radiation alone, three had cures and one had
significant palliation.

In summary, the treatment of malignant fi-
brous histiocytoma of bone should include
pre- and postoperative chemotherapy and at
least wide surgical margins achieved by en
bloc resection or amputation. Radiation ther-
apy may be effective for residual disease or
tumors in surgically inaccessible locations.
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